Reduction in the size and loss of the quality of habitats are considered the greatest threats to bat species. Aiming to complement information, the objective of this study was to evaluate, from compiled data, the influence of the size of forest fragments and their degree of conservation on the richness and composition of chiropteran fauna in the Atlantic rain forest. A total of 33 publications on Chiroptera in the Atlantic rain forest was reviewed and a list of 86 species was extracted from them. The size of forest fragments exhibited positive and significant relationship with the total number of Relatively Common Species, Rare Species, Not Generalist species and with richness. Positive and significant relationship was observed between degree of conservation of the forest fragments and the total number of Rare Species, of Not Generalist species and with richness. The results here presented indicate that large and well-conserved fragments of Atlantic rain forest should be the priority when the intention is to maintain a high richness of Chiroptera and of Rare Species and Not Generalist Species. Keywords: bats; forest fragmentation; habitat quality; species richness.
INTRODUCTION
Currently, reductions of the size and loss of the quality of habitats are considered the greatest threats to bat species, this situation meaning that it is necessary to conduct supplementary studies of their interactions with the environment, in order to obtain fuller documentation (RACEY & ENTWISTLE, 2003) . Although Neotropical bats have great mobility, great tolerance, easiness to adapt and to exploit environments that have been altered by humans, these animals appear to be sensitive to the loss and fragmentation of their natural habitats (ESTRADA & COATES-ESTRADA, 2002) . Factors such as the size of forest fragments and their degree of conservation impact mammal species that inhabit the Atlantic rain forest, including chiropteran species (VIEIRA et al., 2003) .
The process of fragmentation of forests in this biome has a direct effect on the diversity of bats, both in terms of the abundance of individuals and in terms of species composition and richness (GRUENER et al., 2012) . However, while it is known that fragmentation has an impact, there is still uncertainty about how the degree of conservation and the size of forest fragments affect abundance, richness and other ecological features of chiropteran fauna in forest environments (NOVAES et al., 2014) . From the perspective of conservation biology, there is no definitive consensus about the characteristics that a given landscape should offer to conserve the greatest number of chiropteran species as information on ecological conservation is still incomplete for many bat species (RACEY & ENTWISTLE, 2003) .
Even though forest fragmentation in the Atlantic rain forest has been increasing, and particularly so over recent years (MMA, 2016) , there are few studies that have attempted to demonstrate how the size of a forest fragment and its degree of conservation influence the diversity of Chiroptera in this biome. The major part of studies that do exist consist of inventories comparing the communities in different fragments, some authors having investigated relationships between area, state of conservation of Atlantic rain forest fragments and species richness and abundance of Chiroptera (REIS et al., 2000; ESBÉRARD, 2003; REIS et al., 2003; MELLO & SCHITTINI, 2005; FARIA, 2006; REIS et al., 2006; GRUENER et al., 2012) . However, these studies are localized, unconnected, many of them contradictory to each other and do not reveal any overall pattern or cause-effect relationship between the variables.
In this scenario, recognizing the patterns and characteristics that could offer a contribution to a better selection of conservation areas for chiropteran species, particularly in the Atlantic rain forest, should be a priority, since this biome, in addition to having been reduced to less than 8% of its original area, has become intensely fragmented (SILVA & CASTELETI, 2003; MMA, 2016) .
In recognition of this, this study was undertaken aiming to assess, based on secondary data, the influence of size and degree of conservation of Atlantic rain forest fragments on the richness and abundance of chiropteran fauna.
MATERIAL AND METHODS
Data on bat species richness and abundance and on the state of conservation and size of forest fragments were obtained from published studies from 1995 to 2015. Articles and books, printed or available online and in university databases, were used as sources of the analyzed information.
Four criteria were applied to select these studies: 1) the Atlantic rain forest was the study area; 2) mist nets were the capture method; 3) sampling efforts encompassed at least 1 year; 4) the distinct sites were conducted with a minimum of 10 kilometers between them. For studies conducted in more than one fragment and with distances between them less than 10 km, each group of such fragments was considered as a single unit with a total size equivalent to the sum of the areas of all of the fragments composing the unit. The fragment area considered for the analysis was therefore the total area of the study sites described in the consulted source, even if sampling had only been conducted in part of the forest remnant.
The degree of conservation of the study areas was assessed using a descending scale, provided with descriptions of the areas, available in the consulted sources and scored as follows: (5) primarily conserved, (4) primarily and secondarily conserved (mixed area with both successional stages), (3) primarily disturbed, (2) secondarily conserved, (1) secondarily disturbed. Areas with primary forest are those that have suffered little human interference and maintain their original characteristics, whereas secondary areas are forest environments that are in regeneration after exploitation in the past. Both types of vegetation, primary and secondary, were classified according to the their disturbance degree (high or low) and by co-occurrence in the same study area. The classification of the disturbance degree was based on a set of factors related to the area described in each publication, such as edge effects, understorey conservation, vegetation extraction, invasive or exotic species presence, hunting intensity, fire occurrence and human presence, which is a method adapted from Magnus and Cáceres (2012) .
Species were classified according to their degree of occurrence, by the calculation of the Constancy Index (adapted from DAJOZ, 1983) for each of the species recorded in the publications reviewed. Species with more than 50% occurrence in the entire set of publications, i.e., those recorded/ found with greater frequency in the studies, were classified as Common Species (CS), those with occurrence from 25% to 49% of the studies as Relatively Common Species (RCS) and those with less than 25% occurrence, i.e., those recorded/ found with low frequency in the studies, as Rare Species (RS).
Species were also classified in terms of how selective they were in terms of habitats requirements. Species with more than 50% of records were defined as Generalist Species (GS), i.e., species that are not highly selective in terms of habitat use, that occupy a variety of different habitats and are more tolerant of environmental impacts, and those with less than 50% were defined as Not Generalist Species (NGS), i.e., species that are more selective in terms of habitat use and are less tolerant of environmental impacts. The percentage of occurrence of each species was the ratio between the number of publications in which the species was recorded and the total number of publications reviewed.
The relationships (influence) between fragment size, state of conservation, richness and composition of chiropteran species were analyzed using multivariate regression, in which the predictive (independent) variables were the degree of conservation of the fragment (DC) and its size (FS) in hectares. The outcome (dependent) variables observed were species richness (R) and Constancy (Common Species -CS, Relatively Common Species -RCS, or Rare Species -RS) and how selective of habitats they were (generalist -GS or not generalist -NGS). When parameters of p regressions are estimated as a whole by multivariate regression, a gain in the efficiency of estimators is obtained. However, this analysis also verifies p of each regression separately. In order to smooth out variations and achieve a linear curve, variables were log-transformed so that they met the prerequisites for the test. Analyses were conducted using PAST 3.12 (HAMMER et al., 2001) .
RESULTS
A total of 33 publications on Chiroptera in the Atlantic rain forest was reviewed (table 1) and, from these publications, a list of 86 species was compiled (table 2). Eight (9%) of these species were considered Common Species (CS), 13 (15%) Relatively Common Species (RCS) and 65 (76%) Rare Species (RS). Nine (10%) species were classified as Generalists (GS) and 77 (90%) as Not Generalists (NGS). Multivariate regression analysis revealed a significant relationship between the dependent variables bat species richness and composition and the size and state of conservation of the forest fragment (F: 3,01; p = 0,003). A positive and significant relationship (figure 1) was detected between the degree of conservation of the area and total Rare Species, with total Not Generalist Species and with Richness ( 
DISCUSSION
The results of this study show that the size of a fragment and its degree of conservation influence the richness and composition of species of Chiroptera in Atlantic rain forest. The total species richness recorded in different fragments of the Atlantic rain forest had a positive relationship with both the size of the forest fragments and their state of conservation.
However, some inventories that were conducted in very close fragments of varying sizes showed little association between richness and the size of the fragment, illustrating similar richness levels for small and large fragments (BIANCONI et al., 2004; BARROS et al., 2006; FARIA, 2006; NOVAES et al., 2014) . This depicts that bats can use small fragments with low levels of conservation as "stepping stones" when moving about, giving a false impression that they are able to live in these habitats (ESTRADA & COATES-ESTRADA, 2002) .
Although many species of bats are tolerant to forest fragmentation and impoverishment of habitat quality, large and well-conserved fragments exhibit a considerably richer chiropteran fauna because of the greater complexity of vegetation and the consequently greater variety of food resources (fruit, pollen, nectar, insects, other animals) and availability of refuges. These characteristics make it easier for bats to establish themselves and remain in these environments than in degraded and isolated areas (ESTRADA et al., 1993) . Vieira et al. (2003) claim that the positive relationship between richness and fragment size is primarily seen when large areas are taken into account (> 1,000 ha) and that this correlation disappears when only small fragments (< 100 ha) are taken into account. The pattern observed in this study, of increasing species richness as fragment size increases, may have been influenced by this fact, since areas of different sizes (both large and small) were included in the analysis. The previous authors also point out that, taken together, small fragments may even contain higher numbers of species than larger areas of forest that are continuous and in better states of conservation, because of occurrence of species from open or disturbed areas at the edges of fragments. Notwithstanding, edge effects may have greater impact on smaller fragments, contributing to lower total species richness (FARIA, 2006) .
Considering the results of this study about the rarity of species, it can be stated that certain bat species are recorded less than others in inventories conducted in the Atlantic rain forest and that few individuals from these species are captured. In general, it can be stated that Rare and Not Generalist Species occur in better conserved and larger fragments, which is a pattern that has been observed in several different studies (PASSOS et al., 2003; ESBÉRARD et al., 2006; FARIA, 2006; DIAS & PERACCHI, 2008; LOURENÇO et al., 2010; BRITO & BOCCHIGLIERI, 2012) . Complementing this, Racey & Entwistle (2003) state that Rare Species tend to be less recorded in impacted areas, showing that such species are positively correlated with better quality environments. Along these lines, it is worth noting that Mello & Schittini (2005) sampled three conservation units of different sizes and found that even when they are much larger than more conserved areas, disturbed habitats can still exhibit lower richness and diversity and harbor assemblages comprising Generalist Species.
Species considered common and generalists in this study are those that are known for their tolerance and ability to adapt to impacts caused by human activity (REIS et al., 2007) . This pattern can be easily discerned in all of the publications reviewed in this study, in which these species exhibited greater numbers of captures and were part of the majority of assemblages inventoried in disturbed and fragmented environments with considerable human presence throughout the area of distribution of the Atlantic rain forest biome. In turn, species considered relatively common comprise a category that is slightly more demanding in terms of habitat, containing species that are less tolerant to environmental changes and are not easy to capture using mist nets at ground level, such as the high-flying insectivorous species (KALKO et al., 2008) .
The majority of the recorded species were considered rare and not generalist, suggesting that they are members of a category of more selective species, whose occurrence is dependent on certain specific characteristics of habitat or which are naturally rare. However, some of these species, such as Eptesicus brasiliensis and Tadarida brasiliensis for instance, are known for their great capacity to adapt to the presence of humans, for the formation of large colonies in cities and are not associated with forest environments (GARDNER, 2007) . The inventories conducted in different sites in the Atlantic rain forest that were reviewed for this study and which recorded Eptesicus brasiliensis and Tadarida brasiliensis confirm their low levels of occurrence in forests, when compared with urban centers.
Although larger and more conserved fragments are closer to the ideal for the settlement of greater numbers of chiropteran species, small portions may also be essential in scenarios in which the surrounding matrix is important for bats moving, which may utilize all parts of a divided landscape for foraging, turning both small and large remnants necessary (ESTRADA & COATES-ESTRADA, 2002). Gorrensen & Willig (2004) demonstrated that variations in richness in relation to patch size can be significant and positive for some species and significant and negative for others and that small and isolated patches may have higher species richness than large and well-conserved landscapes. Nevertheless, they point out that for rarer and more selective species, less disturbed environments are more important and appropriate.
According to Faria (2006) , the positive relationship between richness and habitat conservation state may be linked to a greater stratification of the habitat. The same author also points out that richness may be reduced in habitats in which there are fewer trees with thick trunks, a less dense upper strata and reduced density foliage in the understorey. In modified environments such as stretches at the edges of fragments and in secondary forests or scrub that have a reduced number of trees with thick trunks, less dense upper strata and reduced density foliage in the understorey, the abundance, diversity and richness of bat species also tend to be reduced (VIEIRA et al., 2003) . So, the degree of conservation and size of remnants are not the only factors that can affect the richness and composition of bat species. Ecological agents are also important, such as those associated with the structure of the vegetation, vertical stratification, vegetation density and availability of food.
Predators and competitors should also be considered as possible determinant factors of variations in richness and composition of species (VIEIRA et al., 2003) .
The results presented in this study show that common and generalist bat species are wellestablished and capable of occupying small and disturbed fragments of Atlantic rain forest, although they are also frequently found in larger and more conserved remnants. In contrast, the rarer species and those that are more selective in terms of habitat quality are found in large and well-conserved forest fragments and disturbed and smaller patches are less favorable to colonization by these species. The results of this study confirm the hypothesis that richness and composition of chiropteran species are directly affected by forest fragmentation. Large and conserved forest fragments in the Atlantic rain forest should be the priority in attempts to maintain a high richness of Chiroptera and Rare and Not Generalist Species.
